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(57) Abstract 

■me invention provides a method for purifying viral vectors containing therapeutic genes for use "V"*^* ^Z'lo 
rnmnn ' , , , mShod of ourification from a cell lysate of a recombinant viral vector containing a therapeutic gene, which comprises, a) 
S said K * 2 T^J^ to selectively degrades both unencapsulated DNA and RNA; b) ^T^^-fln^ 
~ fr^ S a) on a first resin; and c) chromatographing the eluant from step b) on a second resin; wherein one resin is an an.on 
exchange resin and the other is an immobilized metal ion chromatography (IMAC) resin. 
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Method of Purification of R combinant Viral Vectors 
Containing a Th rap uticG n 
RgifrKff rftund of invention 

The treatment of disease by gene therapy has moved from the 
5 theoretical to the practical realm. The first human gene therapy trial was 
begun in September 1990 and involved transfer of adenosine deaminase - 
(ADA) gene into lymphocytes of patients with defects of this enzyme. Lack of 
ADA activity results in immune deficiency. Of several methods for delivering 
therapeutic genes to diseased cells, viral vectors hold out particular promise. 
io Tumor suppressor genes are being investigated for treating cancerous cells. 
Viral vectors containing such tumor suppressor genes are being evaluated as 
potential therapeutics in the field of cancer therapy. Recently, adenovirus 
vectors have received particular attention as an advantageous vector for the 
delivery of such tumor suppressor genes and other biological response 
is modifiers. As studies of cancer gene therapy progress to clinical trials, larger 
and larger quantities of purified viral vectors are needed. One problem in 
producing suitable quantities of vectors for such trials is the purification of the 
particles from the cell lysates in which the viral particles are produced. 

Specifically, purification of these vectors has historically been performed 
20 by using density-based ultracentrifugation methods. While this method has 
proven effective for use as a research tool, it is not feasible as a method for 
industrial scale production. Meeting the demands for material in the future 
would lead to prohibitive costs unless a new purification scheme could be 
developed. One alternative to ultracentrifugation is chromatographic 
2 5 techniques for purification of infectious viral particles. 

The use of size exclusion chromatography for purification of various plant 
viruses has been demonstrated either as a stand alone technique or to 
augment d nsity gradient centrifugation (Albrechtsen eUL JJtolQflicaL 
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Mstofida 28:245-256 (1990); and h wisheiaL. , l Vimlogiral Methods 

7-223-228 (1983)). Size exclusion appears promising for bovine papilloma 
virus (Hjorth and Mereno-Lopez. J Vimloqical Methods 5:151-158 (1982)): 
and has been shown to be a superior method for the purification of tick-borne 
5 encephalitis virus (Crooks eUL. Jl&WL 502:59-68 (1990)). The use of 
size exclusion chromatography has not yet become widespread, but .s 
currently being employed for large scale production of recombinant 
retroviruses (Mento, S. J., Viagene, Inc. as reported at the 1994 Wl.iamsburg 
Bioprocessing Conference). Affinity chromatography, mostly using 
10 monoclonal antibodies (Mab), has been reported to be an effective method 
for the purification of antigens of viral origin (Najayou fiUL ^rojflflisaj 
MfitJjfldS, 32:67-77. 1991). Soybean mosaic virus (a virus which can surv.ve 
P H 3) can be recovered using Mab affinity chromatography (Diaco fiUL >L 
QejL^QL 67:345-351. 1986). Fowler (,| VimlOfliCfll Methods. 11:59-74. 
15 (1985)) used affinity chromatography and density gradient centrifugation to 
purify Epstein Barr virus. 

Adenoviruses are large (diameter of approximately 80 nm) and somewhat 
fragile A large literature base dealing with the relationship of structure to 
function has accumulated (for reviews see Philipson, tfQlQflY 15:263-268 
20 (1961) and Horwitz. tflfitogy (Second Edition) Raven Press Ltd, New York 
(1990)). Little has been reported in the literature about chromatography 
purification of live adenoviruses. Haruna eiaL MlQlflfly. 13:264-267 (1961)) 
reported using DEAE ion exchange chromatography for purification of types 
1 3 and 8 adenoviruses while Klemperer and Pereir Q&alQfly. 9:536-545 
25 1959)) and Philipson Qfilfita 10:459^65 (1960)) reported difficulties us.ng 
the same method wKh other types of adenoviruses. Poor resolution and poor 
yie.d are important problems with this methodology that has prevented .ts use 
in larg -scale production. 
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Thus, a need exists for a chromatographic method for purifying viral 
vectors such as adenovirus vectors. 

Summary of 'nvantion 

One obstacle to the successful practice of gene therapy is the availability 
5 of purified viral vectors to deliver therapeutic genes. The present invention 
solves that problem by the unexpected and surprising discovery that viral 
vectors containing therapeutic genes can be purified sufficiently for 
therapeutic and/or prophylactic use using a three step process comprising: 
enzymatically treating the cell lysate comprising the viral vector containing the 

1 o therapeutic gene; chromatographing the enzymatically treated cell lysate on a 

first resin; and chromatographing the eluate from the first column on a second 
resin. The resulting purified viral vectors having the therapeutic gene retained 
their infectivity during and after chromatographic treatment and are able to 
effect gene transfer. For the first time it was found using the purification 
1 5 method of this invention that the chromatographically purified viral vector 
containing the therapeutic gene is as pure and active as a viral vector purified 
using a three day ultracentrifugation. The purification method of this invention 
provides several advantages over existing methods including quality of 
purified viral vector, consistency, decreased process time and the ability to 

2 o process large amounts of sample. Furthermore, because this novel 

purification scheme is based on the surface characteristics of the virion it is 
broadly applicable to other virions using the teaching of this invention as well 
as to virions containing different internal DNA constructs with different 
therapeutic genes. This break-through purification method is an important 
2 5 aspect in bulk commercialization of gene therapy. 

Ther fore, the inv ntion provides a m thod of purifying viral vectors 
containing therapeutic genes for use in gen therapy. In on embodiment, 
th invention comprises a method of purification from a cell lysate of a 
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^inant viral v Cor containing a therap uticgen , whteh comprises: ») 

a „ immobiiixed metal ion chromatography (IMAC) rean. 

, n a „ alternate embodiment a hydrophobic intern chromatography 
resin mayte^bstituted for the immobilized metal ion chromatography re»n 
ZX-»-*~ resin ma, be subs^ tor the an*n exchange 



10 resin. 



15 



,„ an amative embodUnen. .he enzymatt* ***** ce,l tysa* 
undergoes a filtration step adding a fourth step to the three step method. 

,„ , more preferred embod*nent the viral vector being purged is an 

internal DMA construct including a tumor suppressor gene. 

Iliiwr n< mr.tlnlinn trf irvr i: "" rM 
=• ,.1 RecoveryofACNSSfrom^supemaBntofcentrifugedcmde 

, an Eppendorf centrifuge model 5415c at 4 . An y 
analytical anion exchange. 

c - . identification of ACN53 infected cell lysate components and 

— - hUVab50 * ance 

using their 260/280 nm absorbance ratio. 
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Figure 3: Comparison of CsCI-ACN53 and host-cell contaminant retention 
times during DEAE purification. Elution of CsCI-ACN53 is compared to 
elution of uninfected H293 host-cell lysate blank chromatographed over a 
DEAE column. 

5 Figure 4: Butyl-Hydrophobic Interaction Chromatography of a 

DEAE-ACN53 fraction pool. A semi-pure DEAE purified ACN53 fraction pool 
was mixed with an equal volume of 50 mM tris/pH 8.0/3 M ammonium sulfate 
and injected onto a TosoHaas Butyl-650M column and eluted with a 1.5 - 0 M 
decreasing ammonium sulfate gradient. 

io Figure 5: Immobilized metal affinity chromatography of a DEAE-ACN53 
fraction pool. A semi-pure DEAE purified ACN53 fraction pool was injected 
onto a 6.6 x 50 mm TosoHaas AF chelate 650M column charged with ZnCI, 
and eluted with a linear 0-500 mM glycine gradient. 

Figure 6: SDS-PAGE comparison of ACN53 derived from column 
1 5 chromatography and CsCI-ultracentrifugation. Samples were 

electrophoresed on an 8-16% gradient polyacrylamide gel and silver stained 
for analysis. Lanes 2 and 3 are DEAE and IZAC eluate pools respectively. 
Lanes 4-6 represent 3 different lots (CsCI-1, CsCI-2. and CsCI-3) of 
CsCt-ACN53 run side by side in order to examine lot to lot consistency. Lane 
20 7. CsCI-ion exchange treated lot, represents the ACN53 peak recovered 
when a sample of CsCI-ACN53 derived ion-exchange treated lot is purified 
over a Resource Q anion exchange HPLC column (Resource Q, Pharmacia) 
Lanes 1 and 8 are standard molecular weight markers. 

Figure 7: Western Blot Comparison of ACN53 Derived from Column 
25 Chromatography and CsCI-Ultracentrifugation. Samples, identical to those 
previously described, were I ctrophoresed on an 8-16% gradient gel and 
transferred to a PVDF membrane. The blot was incubated first with 5 ^glw\ 
Cytimmune rabbit IgG anti adenovirus type 5 antibody, then with Amersham's 
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horseradish peroxides conjugated anti-rabbit l 9 (NA934) and developed 
using electrochemical detection. 

Flour. 8t Expression of P 53 gene product in Saos.2ce.te. Two different 
tots of chromatography produced ACN53 were assayed by western Hat 
for their ability to affect gene transfer to p53-null Saos-2 cells. The sem,-pure 
OEAE fractions are shown in lanes 7 & 8. the final product in 5 & 6. P53- 
expressing SW480 cell, were used as a positive control; uninfected Saos-2 
cells were used as a negative control. 



r^tnilwl P«rrinticn 1if ItW '""ention 

10 This invention is directed to a method for purification of a recombinant viral 
vector containing a therapeutic gen. from a cell lysate, which compnses: 

a) treating the cell lysate with an enzymatic agent that selectively 
degrades both unencapsulated ONA and RNA; b) chromatographing the 
„eated lysate from step a) on a first resin; and c) chromatography the 
„ eluan. from step b) on a second resin; whe«in one such resin is an an»n 
exchange resin and the other is an immobilized metal ion affinrfy res,n. 

The term "viral vector" means a recombinant virus M has had some or ,11 
of the genes in the native genome removed such that the virus is replicafon- 
incompetent. Furthermore, the viral vector shall mean viruses wh.re,n the 
20 recombinant viral genome contains a DNA encoding a therapeutic gene such 
ma. the viral vector is used to transfer the therapeutic gene to a des,red 
Human eel, for gen therapy. *epr sentative ve«ors include those that w,ll 
infect mamma.*n. and especially human, celis. and ar derived from wuses 
chosen from the group consisting of retroviruses, adenoviruses, h rp s 
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viruses and avipox viruses. Retroviral and adenoviral v ctors are pr ferred. 
Adenoviral vectors, especially type 2 and type 5 adenoviral v ctors, are 
especially preferred. The recombinant type 5 adenoviral vectors are the 
most preferred. 

5 

The term "therapeutic gene" means genes or functional fractions thereof 
encoding molecules which have a desired therapeutic effect. For example, a 
gene which either by its absence or mutation causes an increase in 
pathological cell growth or proliferation of cells. A therapeutic gene as used 
io herein would replace such an absent or mutated gene. Therapeutic genes 
may give rise to their therapeutic effect either by remaining extrachromosomal 
such that the gene will be expressed by the cell from the extrachromosomal 
location or the gene may be incorporated into the genome of the cell such 
that it recombines with the endogenous gene. Such genes include tumor- 
is suppressor genes, including those chosen from the group consisting of Rb, 
Rb mutants, p53, p53 mutants, DCC. NF-1, Wilm's tumor. NM 23, BRCA-1. 
BRCA-2, BRUSH-1, p56. H-NUC, thyroid hormone receptor gene, retenoic 
acid receptor gene, genes encoding p130, p107. and p85. Other gene 
replacement or supplementation strategies include adenosine deaminase 
2 o (ADA), thymidine kinase (TK), genes encoding various cytokines such as y- 
interferon, a-interferon, IL-2 and other hormones. 

Therapeutic gene is also understood to include DNA encoding a ribozyme. 
Such DNA constructs encode an RNA enzyme which binds and destroys the 
RNA of selected positively-acting growth regulatory genes such as (1) 
2 5 oncogenes or proto-oncogenes selected from the group consisting of, but not 
limited to, the following: c-myc, c-fos, c-jun, c-myb, c-ras, Kc and JE; (2) 
growth factor receptor genes selected from the group consisting of, but not 
limit d to, epidermal growth factor, platelet derived growth factor, transferrin 
and insulin. 
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Pref rredth rap uticg n s are me tumor suppr ssorg nes, with most 
preferred tumor suppressor 9 enes being Rb. Rb mutarrts. P 53. p53 mutonts, 
BRUSH-1, pS6, BRCA-1. BRCA-2. p16 and p21. 

The term "cell lysate" means a collection of cells, including host cells 
s which contain a vector, preferably a vira, vector, which cells have been . 
removed from their growth environn»nt and have had Mr cell membranes 
disrupted by physiological or chemical means. 

The »rm "enzyma«c agent" means a compound - mixture that selectively 
degrade unenoapsulated DMA and RNA. while not disrupting the 
, o remnant vira, vectors to the extent they are n<* inrec«ous ^ « 

d .«veran inUctcopy of the therapeuUc gen. to ft. desired target eel,. Such 
an enzymatic agent is generally a combination of one or more enzymes 
referred to as endonucleases or DNA»s or RNAses. Benzonase . a 
preferred enzymatic reagent. 

„ The term "anion exchange resin" shall mean a pos«ively«harg.d organic 
mofcty covalently cross-Wed to an *ert po^eric support. Representee 
^.ntmo^saredrawnfrompnma^s^nda^te^ando^ 

ammo groups; such as trimethylaminoethyl (TIME). d«thylaminoethyl 
(DEAE). dimethylaminoethyl (DMAE). and other groups such as the 
2 „ povemylenewne (PEI, that already have, or will have, a formal pos*ve 
charge within the pH range of approximately 5 to approximately 9. 

Similarly, representative negatively changed organic groups are chosen 
from me group consisting of carboxymethy, and suKomethyl and other group 
tha, have, or wiil have, a forma, negate charge within the pH range of about 

25 5 to about 9 
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The support mat rial should be on that is easily derivatizable and 
possess good mechanical strength. The material can be a natural polym ric 
substance, a synthetic polymer or co-polymer, or a mixture of natural and 
synthetics polymers. The support can take the shape of porous or non- 
porous particles, beads, membranes, disks or sheets. Such supports include 
silica, hydrophilic polymer (MonoBeads®, Pharmacia, Piscataway. New 
Jersey), cross-linked cellulose (e.g. Sephacel®), cross-linked dextran (e.g. 
Sephadex®) cross-linked agarose (e.g. Sepharose®), polystyrene, or a co- 
polymer such as polystyrene-divinylbenzene or one composed of 
oligoethyleneglycol. glycidylmethacrylate and pentaerythroldimethacrylate, to 
which are grafted polymerized chains of acrylamide derivatives (the latter co- 
polymer is known as a "tentacle" support). 

The resins can be used in a traditional (gravity) column chromatography or 
high pressure liquid chromatography apparatus using radial or axial flow, 
fluidized bed columns, or in a slurry (batch) method. In the latter method, the 
resin is separated from the sample by decanting or centrifugatjon or filtration 
or a combination of methods. The viral vectors can be purified then eluted 
from these resins by an increasing salt gradient, preferably a gradient of 
sodium chloride. 

Examples of suitable anion exchange resins include FractogeKS) (E. Merck. 
Gibbstown, New Jersey) resins derivatized with either DEAE or DMAE. 
Fractogel® EMD Tentacle resins derivatized with DEAE. DMAE. orTMAE; 
Toyopearl® (TasoHaas. Montgomeryville. Pennsylvania) resins derivatized 
with DEAE or QAE; Acti-Disk® (Whatman. Clifton, New Jersey) supports 
derivatized with Quat. DEAE or PEI; Sepharose® (Pharmacia. Piscataway, 
New Jersey) resins derivatized with DEAE; Sephacel® (Pharmacia. 
Piscataway. N w Jersey) resins derivatiz d with DEAE; and S phadex® 
resins derivatiz d with DEAE and QAE. Preferred anion exchange resins are 
derivatized with the DEAE group, and furth r preferr d columns are th 
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Fractog I, Toyop art and Streamline- (Pharmacia. Piscataway. New Jersey) 

DEAE resins. 

Similarly, the term "cation exchange resin" means a negatively-charged 
organic moiety eovalently cross-linked to an inert polymeric support 

, Represent negatively-charged mo»*s include the carboxymethyl (CM, 
and the sulfomethyl (SP) groups. Other organic moirtes tha.have.orw.il 
nave a lormal negative charge in the ph range of about 5.0 to about B 
a,so Included within the dM» The above discussion tor the support and 
ft. method of use for the anion exchange r«in applies equal* to the ca«on 

w exchange resin. Exempt of suKable convn.rcia.ly. available cm* 
exchange resins include Sepharose. Sephace, and Sephadex cova*n«y 
linked with either a CM or an SP group. 

The Mm "immobilized metal ion affinity chromatography OMAC") resin 
refers to an inert natural or synthetic polymeric support eovalently cross- 
» linked wim a meta, chelating group. The m«al chelating groups are those 
known in the art to bind to zinc, nfckel. copper, cob* calcium or magnes, m 
i0 „s in the forma, («) o**m state. Such groups include the Hn,nod^c 
(IDA) group, the ms(carboxymemv,)^y^iamine (TED) group. M * 
(hydroxyemyDethylenediamine.riaceUc group, and dehvative* such as the N- 
20 (methyl) and the Mhydroxymethyl) IDA groups. These groups can be aoss- 

linkages and reagents, such as brsoxirane. epichlorhydrin. and 1.4-brs.(2> 
epoxypropoxylbufcne. Forme method o, the invention, ^ ^nggroup, 
L to bound to any o, ,h. above-listed metals. wKh zinc me preferred metal 
25 Thedescnp fe nofmechemicalcomposi,»n. physical form and uses of me 
polymeric supports described above for me term -ank,n ^ 
app,*s,o,be.MACresinaswell Cross*k d agarose and the TenUe* 

supports are preferred. Theviralv Corscanbe ^^ '^ 
coin by adding increasing concentrations o. competing chelabng agents 



PCT/US96/03369 

WO 96/27677 

11 

such as imidazol . histamine, glycine, or ammonium chloride, or. alternatively 
the P H of the eluant can be raised or lowered, as long as th extrem s of th 
range of the ph gradient used remain from about 5 to about 9. Examples of 
commercially-available products that can be used in the instant method 
5 include the Acti-Disk IDA cartridge (Whatman). Fractogel AF chelate, and 
Toyopearl AF chelate IMAC resins. 

Furthermore, the preferred conditions for the immobilized metal affinity 
ion resin for the purification of the viral vectors such as type 5-adenovirus 
derived vector on DEAE had the resin charged with a divalent metal abort 
10 chosen from the group consisting of cobalt, nickel, copper, zinc, calcium and 
magnesium and further wherein the resin is an IDA or TED cross-linked 
agarose resin, especially an IDA agarose resin that is charged with z.nc ,on. 

A hydrophobic interaction chromtagraphy ("HIC") can be substituted for 
the IMAC resin in the instant method. Such a resin has lower alkyl or aryl 
15 groups covalently bound through a non-polar group, such as an aliphafc 
ether, to an inert polymeric support. Lower alkyl groups such as methyl, 
propyl, n-butyl. neo-pentyl. and octyl and the phenyl group are examples of 
the interactive group on the instant resin. Butyl is the preferred interacts 
group The chemical composition, physical form and method of use for the 
20 supports described In the definition of the term "anion^xchange resm" above 
also apply to the H.C resins. Cross-linked agarose, hydroxylated polyether. 
hydrophilic media and silica are the preferred supports with cross-hnked 
agarose the most preferred. The viral vectors can be purified then elated 
from the HIC resin by a decreasing salt gradient, with ammonium sulfate the 
25 preferred salt. Examples of commercially available H.C columns useful for 
the current invention include the cross-linked agarose columns such as 
Ph nyl. Butyl and Octyl S pharose. and Toyopearl (Phenyl. Propyl, and 
Butyl) and Fractogel (Propyl or Phenyl). 
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A, m ntioned above, in th instant invention me IMAC or HIC resin can be 
usedbeforeoraftertheanion.xchanger.sin. If used before, the salt 
concent of the eiuan. from the H,C o, .MAC rosin shouK diluted ,o about 
450 mMmolar or less in order to prevent premature stripping of viral part,** 
5 from the exchange resin. 

The term "buffer" or "buffered solution" refers to a mixture of acid and 
base which when present in a soluton reduces or modulate, changes ,n P H 
that would otherwise occur in the solution when acid or based is added. In 
one embodiment, the cel. lysate is mainlined in a buffered «**n. Surtable 
10 buffers are those that c maintain the pH of the resulten. solution between 
about 5.0 and about 9. 0. Such buff*, are commercially available and 
include phosphate, MES, HEPES. MOPS. Borate, TRIS. BE* ADA. ACE* 
P,PES MOPSO, BIS-TRIS PROPANE, BES. TES. DIPSO, TAPSO, TRI2MA, 
HEPPSO. POPSO, TEA, EPPS. TRICINE, GLYCYLGLYCINE, BICINF^ 
l5 TAPS, and the like. Preferred buffers include the phosphate, MES, HEPES, 
MOPS, borate, and TRIS. with HEPES being the most preferred. 

The use of chromatography for the purification of viral vectors, such as an 
adenoviral vector referred to as Type 5. for us. in gene therapy has been 
shown to be an effective alternative to cesium chloride density grad,ent 
20 ultracentrifugations. There are several advantages related to this 

methodolooy. *duding dual*, consistency, decreased process „me. system 
automation, and the ability to process large amounts of cnxte lysate The 
purification scheme de«ribed in this invention selec* for product based on 
surface characteristic, of the virion. These characterise do no, change 
25 w«h dWeren, Eternal DNA cons«u«s. e.g. having d«erent therapeutic genes 
in the construct, therefore leading to similar chromatographic behav»rs In 
oth r words, the chromatography is unaffected by th- nature of me 
therapeutic gene inserted inside the vector. 
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The anion xchange resins immobilized m tal ion affinity chromatography 
resins cation exchange resins and hydrophobic interaction chromatography 
resins are cleaned using methods known to the ordinarily skilled artisan. By 
way of example, DEAE is treated first with NaOH then HCI and finally with 

5 NaCI. The IZAC is first treated with EDTA then NAOH, HCL, NaCI flushing 
with H 2 0 in between each step. The columns are equilibrated in appropriate 
buffers using appropriate binding conditions. Columns are loaded with 
sample in a buffer such that the product will bind to the resin by controlling pH 
and salt concentration for DEAE and by controlling pH, salt concentration and 

io divalent metal ion concentration for the immobilized metal ion affinity column. 
The columns are washed to remove contaminants and may be reused. 

Other embodiments of the instant invention include the additional step of 
filtering the cell lysate after it is treated with the enzymatic agent. In an 
alternative embodiment the cell lysate is buffered before treatment with 
Benzonase at a pH between about 5.0 and about 9.0 before applying it to the 
first resin. These embodiments are preferred for purifying a recombinant viral 
vector derived from either a retrovirus or a adenovirus, and especially so 
when the vector is derived from an adenonvirus. and such a vector contains a 
tumor suppressor gene. 
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Further embodiments for purifying an adenoviral-derived vector containing 
a tumor suppressor gene are those when the treated, buffered cell lysate is 
first chromatographed over an anion exchange resin followed by 
chromatography over a immobilized metal affinity resin. These conditions are 
preferred especially when the recombinant viral vector is derived from either a 
25 type 2 or type 5 adenovirus, and especially a type 5 adenovirus. 

The enzymatic ag nt used to treat the cell lysate is on or more enzymes, 
especially those chosen from the group consisting of RNAse and DNAse or a 
mixtur of endonucleases as would be known to the ordinarily skilled artisan. 
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Theprefrred r*ymaticag nt for use in this mbod^entisB nzonase ,a 
recombinant non-specific nuclease which cieaves both RNA and DNA. 

Finally, an especially preferred method of the one described in the 
preceding paragraphs * where the type 5 adenoviral recombinant 
5 viral vector has a genome containing the wild-type p53 gene. 

EnMflnnrnWl section 

rrnnnrnthfi - "-■"*> "" lr "" 1 " 1 mm ' r ^ ACNal 

Standard recombinant Adenovirus Type 5 designated ACN53 i. a vector 
10 derived from a Type 5 Arbovirus whir* ha, the F1 coding sequence «h . 
1 4*b full length p53 cDNA driven by the human cytomegalovirus promoter 
(*» ,UL Bmn^Tl— « 5:1079-1088 (1994))- V*. wa, prepared 
by a 3*tepcentnfugation procure a, descried (Layer., a,.. ifirojsgx 
45:598-614 (1971), w«h the follows n»d«ica fo ns. Infect cel* were ^ 
ls .vscydeso.freeze-thawandcenwugeda.is.ooorpm.orion.n.^ C n 

SoJ^Bcentrifuge. The ^wa, discarded. and, he T 
treated with Benzonase- (American International Chemical. IMA. Mas.) 
a, .33 U/mL for 30 min at room temperature. The treated materia, was the 
fcvered on.o a 1 .25 gm/mL and 1 .40 gm/mL CsC, discontinuous step grad,en, 
2 „ in 10 mM Trie pM.1 and cenWuged a. 30.000 rpm for 7S min, 0 C ,n 
Sorvall TST 41-14 rotor. The vims band from each tube was collected, 
pooted. mixed wm, , 35 gm/mU CsCI (in 10mM T* pH8.1, and ***** 
overnight a, 45.000 rpm h a BecKman VT, 50 rotor a. ,0-C. The 
from each tube was ejected and recentriMged a. 45.000 rpm as before for 
25 a „addi S onal4hrs.Thef 1 nalviruspoo,fro m miss.epwasdialy«d 

extensive, agains. phosphate buffered saline (PBS, supplemented w,.h * 
sucrose and 2 mM MgCI, a, a temperature o, 4-C. The purified v,rus was 
UM d to infect human embryon* Kidney 293 cells (availab* from Amencan 
Typ CuKure Collection,, asd scribed below in Procedure 2. 
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procure 2 

p^ll^ n nf Infected A ITrr ? Q * r - ells HarVPSt LY8 ' S 

ATCC 293 (ATCC CRL 1573) cells were grown in a Cell Factory™ (Nunc. 
Ruskilde, Denmark) in a CO, incubator in 1 .5L of medium consisting of DME 
high glucose medium containing 10% Hyclone bovine serum defined 
supplemented, 2 mM glutamine (Irvine Scientific, Santa Ana, California), 1 
mM sodium pyruvate (Irvine Scientific). No antibiotics were added to the 
medium. 

Two to two and a half days after seeding the Cell Factory™, when cell 
monolayers reached about 50-60<>/o confluence the cells were infected with a 
multiplicity of infection (MOI) of 5 to 10 infectious units per cell in 500 mL of 
fresh medium. The virus was added to the medium, mixed thoroughly, and 
introduced to the cells in the unit. 

When cell monolayers from Preparation 1 showed signs of detachment 
from the surface of the Cell Factory™ (usually at 3 to 4 days post-infection), 
the cells were harvested by gentle tapping and were centrifuged in a 
Beckman TJ-6 at 1500 mm for 5 min. They were washed once with serum 
free media, pelleted again, and resuspended in 25 mL of 50mM Tris buffer P H 
8.0/150 mM NaCI. 2 mM MgCU.. 2% sucrose for use in the preparation of 
ultracentrifuge-derived standard virus. Samples destined for use in the 
procedures of Examples 1 through 3 were resuspended in 25 mL of 50mM 
HEPES buffer pH 7.5/150 mM NaCI. 2 mM MgCI,. 2% sucrose. The cells 
were lysed at this point by 3 cycles of freeze-thaw. Following the third cycle, 
cellular debris was removed by centrifugation in a Beckman TJ-6 at 1 500 rpm 
25 for 5 min. At a temperature of 4°C. 
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procure 3 



Wftstfirn RlQt An; 



BaHifilfis. 



An SDS-PAGE gei .» run a, described in example 3. Procedure F w*h 
approtfnate* me same Ml » that of a siiver stained geL The bands 
Ze .hen transferred to a PVDF membrane pre-wetted in 10 % m-£- 
and eduKNated in Tri*bunered sa«ne (TBS). The oei was aiso «,u„*r «d 
in TBS. The proteins were transferred to the membrane using a B»-*ad 
sem^ transfer apparatus at 26 V for 30 minutes. The membrane was men 
, biocKed in 1% casein/001% sodium azide overnight a. 4- or a. room 
temperature fori h,. and washed 3 tones wHh TBS. The membrane was 
^ated w«h me primal an*ody (Cytonmun. rabbi. * a- ad^ovrrus 

5 Lee Biotechnoiogy Research: San Diego. CA) a. 5 „g/mL On TBS) for 
1 * a, room temperature. Flowing primly incubation, the memtoane was 
5 washed 3 times with TBS and incubated with the secondary antibody 
' (Arne r,ham Life Science,. Ariington He*hts. ,L, Horserad* .peruse 
conjugated antwabb* .g, diluted to 1 ,L stock anybody/. mL TBS tor 1 hr a, 
^temperature. Aflnatthre. -washw asperformed -1--. 
n^mbrane incubated wKh Amersham ECL detect reagents foM ^ 
2 o expend in the darK ,o Hyperfim-ECL (Amersham, tor venous tones (se^r 
seLnds.0 minutes* grve a seiecUon o, various contrasts) and devoid ,n 
an X-ray film developer. 

Using this western bio. analysis, deferences between banding patterns o. 
ACN53 in various states of purification can be seen ,n Figure 7. 
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procedure 4 

A;aav far RtTSpm hinant Al 
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Prfififinr* Qf SDS 
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For this measurement, concentrated virus was diluted 1 in 10 in 0.1% SDS 
in phosphate buffered saline (PBS). The sample was vortexed for 1 minute 
and then centhfuged at 14.000 rpm in an Ependorf microfuge to remove any 
precipitate. A matched pair of cuvettes were b,anKed w«h 0.1% SDS in PBS 
buffer by running a baseline scan on Shimadzu UV160U spectrophotometer 
(Shimadzu Scientific Instrument. Columbia. MD). The SDS-treated virus 
sample was then placed in the same* cuvette and scanned from 220 to 
Monm Ifmerewasabsorbancebetween310and320nm.thesampl.was 

too concentrated and was diluted further and remeasured. The /WA»raho 
was also determined from this scan, and must be between 1.2-1 .3 in order to 
ensure that the product is pure enough to calculate particle number. If th,s 
condition is met. the absorbance value a. 260 nm only is used .0 emulate the 
number of vmons/mL A conversion factor of 1 . 1 x 10" particles per 
absorbance unit at 260 nm (Maizel e. al.. ifirojag* 36:115-125 (1968)) was 
used to calculate partid. number with approximately 10% error. Typical 
values for samples subjected only to Anion Exchange Chromotography (i.e.. 
Examples 1 and 2 us*g a DEAE resin) were between 1.14 to 1.19. When 
such samples were subjected to an IZAC as deschbed in Example 3. the 
ratios were in the 1 .22 to 1 .25 range. 



25 



Fnanrole 1 

Ll, u(i[nrnnnniilfitn1r J " rt '" rAdds 
Hinflnmf Tr<,a| m enl 

,„, cted cell lysat is comprised of contaminants both host-cell and viral ,n 
origin. Som ofthes contaminants* r r mov d prior to chromatography 
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SpecKicalr,. host ce,l. non encapsutoted or incomp*. ACN53 nuc, ic adds 
were enzymafcally degraded at this stage of the P-ocess with a nuclease 
such as Benzonase". This may be dor* eariy in the process for *o 
reas0 ns. Ear* Benzonase- treatment resuKed in better yields in amon 
s exchange chromatography. Benzonase- was removed by subsequent 
process steps. The presence of Benzonas. during me process can be 
assayed by a commercially availabte EUSA kit (American lntemat,onal 
Chemical. Natick. MD.) 

C^on of the seated *sate was accomplished by Oration rather than 
10 cen«ug.«on. A stow speed spin was used to remove cellular debre (Fig. 1)- 
FHtration was then used to prepare the product fo, loading onto the , M 
column. TheWeof^rusedOe composrSonandporesizeiand^ 
.Bedve product recovery was assayed by the quantise amon exchange 
assay described in Example 3, Procedure A. 

1S Centrifugal was followed by «tra«on through a Gelman Sciences 
Acrlc» 0«0.2 ,m 2-sUge syringe «»er. Recovery - ACN53 depended 
on me pore size and type of membrane used for filiation. Fitter, such as 
polysulfone. PVOF membranes and «l,ulose acetate based membranes 
were used. Polysulfone and PVOF were preferred. 

20 The supernatant from mi. step was made 2 mM in MgCI, 2% * 
sucrose and 2.5% (wUvol) O-cyclodextnn. Benzonase™ < Ame "« n 
.nternatfcna, Chem*al. Inc.) was added to a final concentration of 00 
unteAnL and allowed to fccubat. for 1 hr a. room temperature Thetreated 

25 m,n and Nation mrough a Gelman Sconces Acrodrsc™ 0.8/0.2 „m «m 
The resultant supernatant was taken on to Example 2. 
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fxample 2 

AniTTn Fni7h an ? e Chromatography 

Overall, the characteristics of DEAE chromatography were found to be 
consistent, and loading studies with high titer lysate (3 x10- ACN53 
5 partic.es/mL) showed a linear response between volume injected and ACN53 
peak area recovered. Elution of a DEAE column by introduction of a l.near 
salt gradient gave three major peaks. The first of these was a protem peak 
with a A^ratio of ca. 0.5. Next was the ACN53 peak (A^- 1-23) 
followed by a DNA 2) peak at the end of the gradient. The same 

three peaks were obtained whether run in a HEPES. Tris buffer or phosphate 
buffer system. The pH can be varied, however, if run at pH 7.5 using HEPES 
pH 7 5/NaCI/sucrose/MgCl, less contaminating material bound to the 
columns DEAE chromatography yielded a high degree of initial purification. 
The immobilized metal ion purification chromatography step removed these 
15 contaminants. 

Column resins were tested for their separation characteristics in 6.6 x 
50 mm (1.7 mL> borosiUcate Omn«t» columns (OmnifH Ltd.. Cambridge. 
England). The column, were mourited on a PerSeptive Bioystems Biocad 
(Cambridge. MA) chromatography workstation. The chromatography was 
ao mo,*,,* on*, tor pH. conductivity, and dua, wavelength op«ca. dens,ty 
detection at 280nm and 260nm. 

Anion exchange resins were elated in 50 mM HEPES. pH 7 5. 300 
mM NaCI. 2 mM Iff*. 2% sucrose a. ImUmin. A 50 mM Tris buffer pH BA 
300 mM NaCI, 2 mM 1*0. 2% sucrose) was also used. After the cell 
25 lysate was loaded and washed to baseline as monitored by abso-bance. 
elution was performed with a 20 column «»ume 300-600 mM linear NaCI 
gradient and collect d in 0.5 mL fractions. In pr paraxon for future use. the 



PCT/US96/03369 

WO 96/27677 

20 

column was then cleaned with 2 column volumes of 0.5 M NaOH. a 1 .5 M 
NaCI wash and re-equilibrated. 

ln order to obtain an approximate control retention time, CsCI-ACN53 was 
injected onto a DEAE column equilibrated in 50mM Tns P H 8 at 2 mL/m,n 
5 (350 cm/hr) and eluted with a 10 min (1 1 7 column volume) 0-1 .5 M ..near 
NaCI gradient. A single peak was detected with an AWA** of 1 .23. The 
protein bands present in this fraction reacted with Ad 5 polyclonal antibody 
upon slot-blot analysis. 

Several peaks were resolved when an infected cell lysate sample was 
„ appliedtotheDEAEcoHumn^a^c^positionofthepMksw^ 

deduced from the AWA,ab*orbance ra*. For .xampk, ft. « P«* 
an AWA-«So of 0.6. and is mainly protein. The third peak has an 
ratio of 2. suggest that thrs material was nuctoic acid. The ACN53 v,rus 
peak elated second wKh a raUo of 1.23 The «en«»s of these peaks were 
15 confirmed by spiking experts and by runn*g SOS ge* of ea* peaMn 
typical experiments using the above conditions an AWA,ratK> o< 1 23 *M 
was found to be characteristic of virus peaks. 

,„ order to assess the purificafion capability of DEAE chroma^raphy 
experiments were performed in which both non-infect* ATCC293 ce r*a.e 
2 o and CsCI-ACN53 were applied to the column (Fig. 3). Mostofth.hostc.il 
serial either passed through me column during the load or eluted a, an 

... «,=. n( ArN53 however, a small peak eluted with 
earlier retention time than that of ACN53. noweve.. y 

the same retention time as ACN53. From these data it appeared tha 

non-viral contaminate of the ACN53 peak might be expected from hostceU 

25 material. Examined o, the contaminant peak, th. peak e^ng las. ,n the 

eel! lysate sample shown in Fig. 3. reveaied an A^A-nm rat,o of 

appLnately 2. Th, indicated tha, the peak had a high nude* a«d content 

and could possibly be reduced or e„m,na,ed by treatment w,,h nuclease. 
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DM runs wHh and w»hou.Benzonas ~ pretr a*** demonstrated that 
the enzyme reduced the amount of contar*n,tion c. host cell matena, ,n the 
ACN53 fraction pool. 

pvanmle 3 

|mm ^ ili7ftT< M.t.i Affinity Chromatography 

5 

immobiUzed metal affinity chromatography (IMAC) using zinc as the 

^edWm.^e.u^inme^mro^^and^rewell 
10 resolved from prcduct. leading to simpler pooling cntena. IZAC was 

reproduce and when used w«h DEAE provided a two ^ 
pLcol capab* o. deNv^ng pur. ACN53 as speeded by SDS-PAGE gers 
^Js.A^^andin^oustohon^ouspar^.ra.os A 

summarized overall protocol is as follows. 

Harvest cells 

Nuclease treatment 
(J-Clyclodextrin treatment 

1 

Clarification 

20 ; 

DEAE chromatograhy 

i 

IZAC chromatography 

i 

25 Buffer exchange 

Stepwise recoveries in terms o. to.a, parted and infecSous unr* are 
summarized in Tables 1 and 2 in the expenmenta! seCon. 

The immobilized zinc atWy chromatography (KAC, system was 
30 prepared tormetal charging by washing the column sequent «*1 
Ime o, 100 mM EDTA and 1 volume o, 0, M NaOH. Pushing w*h water 
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aft r each step. The matrix was subsequently charged with zinc by injecUng 1 
column volume o, 100 mM ZnC * H,0 acKKed w«h « 
acid The maul, was then thorough* washed in water prior to eo.u,l,brat,on ,n 
50 mM HEPES P H 7.5/450 mM NaCI/2% sucrose/2 m M MgC. We 
5 , 0 adin 9 did no. require any manipulate DEAE pool fra*ns or CsCI denved 
m^lcou.dbein i ec te ddirecon,o,.co.umn. Aner fading. »e «*»-n 
was washed wKh a ,0 column volume decrease Nad Mr gradient from 
50 mM HEPES pH 7.5/450 mM NaCI/2% sucrose* mM MgCtto 50 mM 
HEPES PH 7.5/150 mM NaCI/2% sucrose/2 mM MgCI, Elution was 
l0 performed wKh a linear 0-500 mM gfyane gradfcn, (in 150 mM NaCI, appl«d 
over 10 column volumes. 

The inter«*on of ACN53 w«h a metal affinity column was shown to be 
^ specif* (wim zinc preferred,; iniedon of CSOACN53 orrto an 
unchan£ column ,a co.mn no, pre**ed with zinc) «su«ed - a h* o, 
„ theproductpeaMotheflowthroug., An ACN53-DEAEfromE,an*.e2 
fratfon poo. purified over IZAC * shown in FT..6. An** - an ZAC 

pool produced a yield of 49-65% and an A^ratros o. 1.2M .25. 
ae, and wesfcrn bio. comparison of C.CI*CN53. DEAE P urifie< .and 
DEAE/1ZAC purified ma.erial can be seen in Ffcs 6 and 7 The CsCI-ACN 5 3 
2 o and DEAE/IZAC ma,erials were ve^ similar, and the DEAE-only purified 
material was less pure by these criteria. 

T „e effect of dfleren. IZAC buffer and elution systems was evaluated by 
splitting a DEAE-ACN53 poo. in ha. and purifying bod. halves over IZAC 
HEPES pH 7.5 and Tris pH 6 buffer systems. ,ZACwasa*orun,n«he 
25 pr esenceo.sucroseandMgC,,wi.hou,a«eCing««separa.ion. The«,eo. 

Jagenerair v*wo,metal affinKy chromatography.se. BeleweU/. 1987. 
KatoetaM966). Vanoussys. ms: zinc/glycine. zinc/rmrdazc* 
copper/glyane and copperAmidazole. a,l worked on me melal afMy 
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purification columns. ACN53 can be eluted using a pH 7 to pH9 gradi nt* 
,n fnrrrrn mMnnnt 1 p " rti ^ Mnmhrrhv ftnlnn Exchange 

HPLC. 

A 1 mL Resource Q- (Pharmacia, Piscataway. NJ) anion exchange 
5 column was used to quantitate the number of viral particles in various 

samples. The column was equilibrated in 300 mM NaCI. 50 mM HEPES, pH 
7 5 at a flow rate of 1 mL /min on a Waters 625 chromatography system 
equipped with 717plus autosampler and a 991 photodiode array detector 
(PDA). The chromatography was monitored on the PDA detector (Milford, 
io MA) scanning from 210 to 300 nm. A standard curve was constructed by 
injecting CsCl purified ACN53 virions characterized for total parses at a 
selected absorbance. A*, in 0.1%SDS. 

The assay was independent of injected sample volume. After the sample 
loaded the column was washed with two column volumes of equilibration 

! 5 buffer followed by a linear gradient from 300 to 600 mM NaCI in 50 mM 

HEPES pH 7 5 over 10 column volumes. The gradient was followed wrth a 2 
column volume wash with 600 mM NaCI in 50mM HEPES. pH 7.5. After each 
chromatographic run. the column was cleaned wrth 2.6 column volumes of 1 .5 
M NaCI in 50 mM HEPES, pH 7.5, and then equilibrated for the next 

2 o injection. The column was cleaned more vigorously after injection of crude 
samples by injecting 0.25 to 1 column volume of 0.5 N NaOH followed by a 
wash with 1 .5 M salt. Injecting NaOH and then running the grad.ent was a 
convenient way to accomplish cleaning. The use of such an assay .n 
measuring the total number of adenovirus particles present are set forth m the 

25 following Table 1 Table 1. Yield and Purity Data Based on Total ACN53 
Particles 
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Step 



Viral 
Particle 



Lysate 



6x10" 

(Proc edure 2) 

DEAE load | 6x10" 
(E xample 1) 

DEAE T 4x10" 

eluate 
(Example 2) 



Vol. (ml) 

5.0 
5.0 
5.0 

3.8 
3.0 



T tal 



Step 



Particles | Yield* 

3x1 0 12 I 100% 



15 



IZACload J 4x10" 
(E xample 3) 

IZAC eluate 6 | 2.38x10" 
(Example 3) 

•As determined by Analyzical Ion Exchange 
6 ln terms of viral particle number 
'After dialysis into final formulation 



3x1 0 12 
2x1 0 12 

1.52x10 12 
7.14x10" 



67% 



47% 



31% 
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P Rllfffif Conditions Duri f,cation of ACN53 

A variety of buffer condttons have been ^'"thep nfi«t 

by column chromatography in this study ^^^^ 

o «onx (1994H Checking for degradation at vanous h 
™ 68.1204-1206 (199% J „ c ^ 

changes of ionic strength can lead to loss of v.rus. & 
be carefully controlled and monitored. 
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Assay* 



Th e ouan«a«on of infecUous Adenovirus Type . parses. 

TC1D ) (See Philipson, tflfilflfly 15.263-268 (1961))- n a 

"Adenovirus Direct Immunofluorescence Assay". Temecula. «. 

ATCC 293 cel* were p. into a 98^ plate: 100 „L o, 5 , 10- ce»s/mL 
ut. MEM (10% bovine calf serum; 1% glutamme) 
io for each well in complete MEM (10 A oovtn MmotodiMed , 10 -was 

»• „»-ATCC-293 seeded plate and allowed to .ncubate a 37 
15 position in the ATCC 293 seeo P ^ by inverS ion 

humidified incubator for 2 days. The media was the 
a „a the cel. were fixed v*h th. «»» o, 50% FITC 
A «e, washin, with PBS. the ffced ceiis were incu^ <o * ™ « 
abeted ,^5 anybody (Chemicon « - «JW ^ 

*° :r=corrr^:^— 

„« lahe i The titer was quantitated us.ng the Trterpnnt 
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ACN53 Particl 
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*. pa-tide. «o infect. ** P-«- » *" dely 
5 The raw. oftotalv.ru p te derived viruses in Ir* range 

and western blot analysis (Figs. 6 and 7), cn 
superior to ultracentrifugation based methods. 
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P53 P rQtein 



^ „ a G , ucose (1 :1 mMure) , supplanted wi* 2 

nutrient mixtur F12. UMt n.y inC ubated in 

• ,nH 1 n% fetal bovine serum. The cells were i* 
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, moved and replac* with, mL of fresh media, and* cellsw reined 
at 20 40. or 60 MO, of purified virus. After incubation for 1 h, an add** a, 2 
I of media is added and a»owed ,o incite for 8 hrs. V. ceiis were then 
lied once w«h Ou^cco's-PBS and lysed by adding o, 250 „L of . 50 mM 
5 tnsra.5% Noride. M0O0 mM NaCI/5 mM EDTA/5 mM ***** 
Leupeptin and 5 ,0/mL Apro«n<n* mM PMSF. The plat, was ,ncub^ I on 
ice to 5 min after which me iysa.es were transferred «o MM* 1.7 mL 

n^fuge and the supernatant* were assayed for ,he presence p53 p*. 
10 by Jem blo, ana^is wi» the primary ant*53 monocionai an^ 80, 
(Vector Laboratories. Buningame, Caiifomi.) and a 1:, mixture of sheep 
anti^use IgG-HRP and streptovidin-HRP (Amersham). The p53 pr*e,n 
band was detected using AmershanYs ECL detects kit accordmg to the 

15 in Figure 8. p53 expr«sion can be seen in ACN53 purged onty by OEAE 
chromatography as weH as by both D6AE and IZAC ^""^l^ 8 ^^^^ 
lowe r ievels of express in tones 5 and 6 are due to the fact that these 
samples were run at a lower MOI than the OEAE samples.) 
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p Hn «l T..II P rrtffiiP. Mfm'nation 

Host eel, contamination was assessed by western btt anatysis using 
potyciona, anybodies devetoped against ATCC-293 eel, 
Potydona, ar*bod*s were commerc* obtained and were ra»ed aga , 
Jlus 293 ce,,u,ar antigen, (HTI. Ramona. CA). The resu»s ,nd^ed that 
the f,na, produce of either CsC, o, DEAE.ZAC pun.ca.ion conta^ n„ 
de ,ectab,e host ce,l contaminants. ,n the case o, sem,-pure 
„ was a small amount of ^monogenic eontaminaUon seen ,n he roduc, 
poo,: 3 major bands and several minor ones. The majohty of host ce» 
contamination is recovered in the flow-through po*on ofthe DEAE step 
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„ anc affini* chromatography, and were recovered n IZAC flow «h 
fractions prior to the introduction of the glycme gradient. 



iMntint Adenovirus 

^Qj= ^p^iyyis ajiliwrg- 

5 prides. 

■>r\n 9no ul_ of an adenovirus containing 
For Coomassie blue staining, 100-200 M L or an a 

Proximately 1x10" particles/mL) was collected, desalted by 
sample (at approximately p concentration in a 

tnchloroaceUc ac« ***** or by redudng buffer 

speed-vac. The sample was then resuspended ,n SDS-PAGE 

r ■ hcl dH 6 8 20% glycerol. 4% (w/v) SDS. 0.005% 

for 5 min and loaded onto a 1 mm x 10 well no 

Systems. Natick MA ) according to ft. venders procedure. 

Ge ,s to be sitver stained were ioaded with 5-15 tA. of samp*. The samp* 

,8 megohms. The ge. was sta ^ 
according to the instructions provrded (Integratea => 
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pimple IV 

Yrrlnrlnfi-rtiYi'Y Transfer ntTheranfiitic Sane 

Characterization of DEAE-IZAC^CN53 has shown that virions retained 
thei, infecWty during chromatographic treatment as measured by TOOK 
5 analyst (Table 1 ,2) and were able to effect gene transfer as assayed by 
protein expression in Saos-2 cells (Fig 8). Comparison of this 
DEAE-IZAC-ACN53 to CsCI-ACN53 in SOS-PAGE analysis has shown that 
mere were more tower molecular weight protein bands present in the 
CsCkACN53 (Figs. 6 and 7). Side-by-side comparison of different 
„ CsCI-ACN53lote has shown some batc^to-batch variably whereas 

chroma.ographic.lly produced materia! has been ve* consistent. The total to 
infectious parUd. ratio and absorbance specuum of both types of matenal are 
directly comparable. Characterization of chromatographic* produced 
ACN53 in terms of purity and activr* have shown that a 1 day 2«olumn 
is procedure can replace a 3 day ultracentrifugatlon protocol. 

A preferred purification scheme for ACN53 as shown above is to treat 
infected cell lysate with Benzowse" prior to the chromatographK steps. 
CM* is men accomplished by step «Kra«on through 0.8 „m foUowed by 
0 2 ,m membranes, .f necessary, a iarger pore (e.g. 5 „m) predion step 
20 can be added for more viscous suspensions. Adjustments 7.5/300 mM 
Nad is then performed in preparation for loading onto a DEAE column. The 
product peak, as detected by the AWA ! »nm ratio or the charactenstc 
photc-diode array spectrum, is pooled and directly injected onto a 
zinc-charged. iso-osmotically equilibrated metal affinity column. The *nc 
25 strength of the buffer is then gradually lowered to approbate 

phosphate-buffered saline (ca.150 m M Nad) prior to elu«on of product w*h a 
glycine gradient. This materia, is then dialyzed into. h final formula.*. 
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We claim: 

1 A method for purification of a recombinant viral vector containing a 
therapeutic gene from a cell lysate. which comprises: 

a) treating said cell lysate with an enzymatic agent that selectively 
degrades both unencapsulated DMA and RNA: 

» chromatography ft. treated tysa» from step a, on a firs, resin; and 

c) chromatographic the eluant from s»P b) on a second resin; 

^rein one resin * an anfcn exchange resin and ft. other is an immobile 
metal ion affinity resin. 

2 A method of daim 2. wherein the M r«in * an anfcn exchange res* 
and the second r«in Is an immobilized nvrtal affinity res„. 

3. A methodo.da*n2. which compos the additional step officering 
the treated lysate from step (a). 

15 4 Amexnoa Q d bout g o before applying it to 

the pH of the cell lysate between about 5.0 and aooui 

the first resin. 

5. A method of daim 4. wherein ft. recombinant vira, vector is , 
20 r Trme,hodo, d aim..where,n,erecombinan,vira,vec,o,isan 
adenovirus. 
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7Amethodofcteim6.wh rein the therapeutic g n© contained in the 
recombinant adenoviral vector is a tumor suppressor gene. 

8. A method of oiaim 7. when™ the recombinant adenoviral «cu>r is a 
5 type 2 or type 5 adenovirus. 

9. A method of claim 8, wherein the recombinant adenoviral vector is a 
type 5 adenovirus. 

,0. The method of claim 9, wherein the tumor-suppr«sor gen. is wild- 

type p53 gene. 

10 n A method of claim 3. wherein the anion exchange resin is chosen 
from the group consisting of DEAE, TMAE, DMAE. OAE and PEL 

12. A method of claim 11. wherein the anion exchange resin is DEAE 



resin. 



13 A method of claim 3. wherein the immob»i»d metal affinitv res,n . 
15 charged w»h a drvafcn. cation of a metal chosen from th. 9 roup coning of 
cobalt, nickel, copper, zinc, calcium and magnesrum 

14. A method of claim 13. wherein th. immobilize meta. a«Wy resin is a 
TED or an IDA resin, 

15. A method of ciaim 14. wherein the immobilized meta, afBnr* resin is 
20 an IDA -(cross^inked agarose) resin. 

16. The method of daim 15, wherein the divalent cation is zinc. 
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17 Th method ofclaiml. wherein the nzymaticag ntthatselectiv .y 
degrades both unencapsulated DNA and RNA is on or more nrym s. 

18. The method of claim 17, wherein the one or more enrymes are 

endonucleases. 

5 19 . The method of claim 18. where* the enzyme Is Benzonase. 

20. A method for purification of recombinant viral vectors containing a 
merapeutic gene from a cell lysate. which comprises: 

„ treating said cell lysate with an enzymatic agent that sefcctively 
degrades both unencapsulated DNA and RNA; 

10 b) chromatography the Wated rysate from step a, on a firs, resin, and 
c) chromatographing the eluant from step b) on a second resin; 



"^onlresin * an anion exchange resin and the other is a hydrophobic 
interaction chromatography resin, or 

one resin * a ca«on exchange resin and the Cher * e«he, a hydrophobe 
interact chromatography resin o, an immob«ized me*, ion affin* res,. 



15 



21 A method of clafcn 20. wherein one resin « an anion exchange resin 
and the other is a hydrophobic interaction chromatography res,, 

20 22 Ame^odofdaimJI.whereinmefirstresinisananionexchang 
resin and the second is a hydrophobic interact chromatography res,. 
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23. A method of claim 20, wherein one resin is a cation xchange resin 
and the other is an immobilized metal ion affinity resin. 

24. A method of claim 20, wherein one resin is a cation exchange resin 
and the other is a hydrophobic interaction chromatography resin. 



5 



25 A method of determining the number of intact viral particles in an 
eluant sample from a chromatographic procedure which comprises: 

a) constructing a standard curve of the number of viral particles at a 
selected absorbance; 

b) chromatography the sample containing the viral particles on an anion 



10 

exchange resin; 

c) monitoring 
and 



the chromatography of step (b) at the selected absorbance; 



„> determining the total number of viral parties in the eluant sample by 
1S comparing the absorbance value obtained in step O to me standard cunre of 



step (a). 



20 



26 A method of claim 25. wherein chromatographic procedure is earned 
out on anion exchange resin having QAE groups covalently attached to a 
polystyrene/divinyl bezene copolymer support. 
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